Considerations for the development of efficient programs for programmable logic controllers while maintaining an acceptable system response / by Deptola, David Christopher
Lehigh University
Lehigh Preserve
Theses and Dissertations
1987
Considerations for the development of efficient
programs for programmable logic controllers while
maintaining an acceptable system response /
David Christopher Deptola
Lehigh University
Follow this and additional works at: https://preserve.lehigh.edu/etd
Part of the Electrical and Computer Engineering Commons
This Thesis is brought to you for free and open access by Lehigh Preserve. It has been accepted for inclusion in Theses and Dissertations by an
authorized administrator of Lehigh Preserve. For more information, please contact preserve@lehigh.edu.
Recommended Citation
Deptola, David Christopher, "Considerations for the development of efficient programs for programmable logic controllers while
maintaining an acceptable system response /" (1987). Theses and Dissertations. 4806.
https://preserve.lehigh.edu/etd/4806
.. 
• 
• 
I 
' 
CONSIDERATIONS FOR THE DEVELOPMENT 
.OF EFFICIENT PROGRAMS F'OR 
PROGRAMMABLE LOGIC CONTROLLERS 
\/HILE MAINTAINING AN ACCEPTABLE 
SYSTEM RESPONSE 
by 
David Christopher DeptoJ.a 
A Thesis 
Presented to the Graduate Corrunittee 
of Lehigh University 
in Candidacy for the Degree of 
Master of Science 
• 1n 
Electrical Engineering 
Lehigh University 
1987 
.. 
• 
t 
.. 
This thesis is accepted and approved in partial 
fulfillment of the requirements for the degree of Master 
of Science. 
,. 
• • 
.l. l. 
~,L. U- a.. k.· .. <L 
.---~Pd 
rofessor in Charge 
Chairman of Department 
• 
-• 
Acknowledgments .. 
• 
The author would like to thank Mrs. Eileen Tabor for 
the donation of her time in keying in the first version of 
this thesis. Eileen undoubtedly saved me many hours of 
work. 
Additionally, Al Susskind of Lehigh University has 
enabled me to complete this thesis from a great distance 
with the direction he has given me over the phone. 
Finally, my deepest appreciation goes to my wife, 
Marianne, for her encouragement and understanding in 
regards to the many hours of work required to complete this 
endeavor, especially when considering the many transitions 
that have molded our lives in the past year. 
I I I 
111 
.. 
• 
TABLE OF CONTENTS 
I . Abstract 
II. Introduction and Historical Overview 
I I I • Ladder Logic - a Graphical Programming 
Language 
IV. I/0 Structure - a Strength of a PLC 
v. Considerations for Efficient Program 
Development 
VI. The Role of the Personal Computer in 
Programmable Control. 
VII. Conclusion 
VIII. List of References 
rx. Bibliography 
X. Vita 
I 
• 1V 
' 
Page 1 
Page 3 
Page 6 
Page 10 
Page 12 
Page 45 
Page 48 
Page 50 
Page 52 
Page 55 
.. 
.. 
• 
' -~ ' 
"I' 
List of Figures 
Figure 1. 
Figure 2. 
Figure 3. 
Figure 4. 
Figure 5. 
Figure 6. 
Figure 7. 
Figure 8. 
Figure 9. 
Figure 10. 
Figure 11. 
Figure 12. 
Figure 13. 
Combinational Logic Circuit and 
Comparable Ladder Logic Circuit 
J-K Flip-Flop Circuit and 
Comparable Ladder Logic Circuit 
AHPL Control Unit Realization and 
Comparable Ladder Logic Circuit 
Segment of a BASIC Program and 
Comparable Ladder Logic Circuit 
PLC Timer Instruction 
PLC to Secondary Processor 
Conununications 
Flow Chart for Subroutine 
Usage 
Computer Generated Segment 
of a PLC Program demonstrating 
Code for the Flow Chart of 
Figure 7. 
Table Comparing Program with 
Subroutines and identical 
one without 
PLC System Delays 
Detailed illustration of 
Figure 10 
Flow Chart for Example 1 
Flow Chart Demonstrating 
Immediate I/0 Updates 
V 
.. 
. . 
' 
... 
Page 6 
' 
Page 7 
Page 8 
Page 9 
Page 15 
Page 16 
Page 22 
Page 24 
Page 32 
Page 35 
Page 36 
Page 37 
Page 43 
t' 
I. ABSTRACT 
Programmable Logic Controllers (PLC's) play an ever 
increasing role on today's factory floors. They are 
. 
essentially industrial, hardened computers with an 
extremely diverse collection of input and oubput modules. 
Because of their cost effectiveness, flexibility and 
features they are well established in the manufacturing 
world and are an important part of Computer Integrat~d 
Manufacturing (CIM). 
The examples discussed in this paper will be based on 
the Allen-Bradley PLC/2 family of Programmable Logic 
Controllers. Allen-Bradley (a division of Rockwell 
International) is widely recognized to be one of the 
leading firms in the field of Programmable Controls. 
Moreover, the writer has a great deal of industrial 
experience in the application of this particular family of 
processors (5 years of extensive work) and they are readily 
available for my examples. While Allen-Bradley products 
are used for the examples in this paper, the considerations 
discussed are applicable to other manufacturers' products 
as well, since most manufacturers' PLC's are similar in 
nature. 
c-· 
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Section two of this paper reviews the history of 
Programmable Logic Controllers while providing the reader 
with a general understanding of these devices. The third 
secti-on focuses on "ladder logic", the language used to 
• 
. program most PLC's. Analogies are made between ladder 
logic programs and various digital circuits, as well as 
other high level programming languages. rhese analogies 
attempt to establish a sense of familiarity to the 
electrical engineer with a background in digital 
electronics. 
Section four discusses the I/0 system utilized by 
PLC's, highlighting its diversity and flexibility in 
handling the wide variety of interface and corrununications 
problems encountered in an industrial control system. 
Section five is essentially the crux of this document. 
This section covers many of the considerations for the 
development of efficient PLC programs. Detailed coverage 
of data table management, program development methodology 
and the various factors that affect the response time of 
the PLC controlled system is given. 
Section six addresses an important concern: The role of 
the personal computer computer in a programmable control 
system. 
Throughout this paper various examples are utilized to 
emphasize the topic of discussion and to clarify my points. 
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II. INTRODUCTION AND HISTORICAL OVERVIEW 
"Programmable Controllers (PC, sometimes PLC), perhaps 
more than any other single products are responsible for 
.. 
_revolutionizing industrial control practice. The first 
PC's of the late sixties and early seventies provided a 
flexible alternative to relay-controlled systems. They 
were simple and inexpensive to install, required less space 
and energy, and could be easily reprogrammed if process or 
product specs were changed. Plant technicians greeted PC's 
with open arms for their maintainability and ease of 
trouble-shooting. Throughout the past 15 years, PC 
technology has advanced rapidly to provide increased 
intelligence and flexibility. Today there is a tremendous 
number of PC's in use performing complex automation control 
functions in virtually every segment of industry." 
Progranunable Logic Controllers are essentially 
industrially, hardened computers. They can operate 
1 
effectively in a wide range of environments. The following 
operating characteristics of the Allen-Bradley PLC 2/05 
demonstrate this: 
0 O 
o Operating Temperature - 0 to 60 C (32 to 140 F): 
o Relative Humidity - 5% to 95% (Without Condensation); 
o Input Voltage - 97V to 132V AC; 
0 Frequency - 47 to 63 Hz. 2 
3 
' 
.. 
11 PLC's also have their own dedicated operating system. 
This operating system performs a few basic functions 
repeatedly. It is responsible for reading the system inputs 
and executing the program resident in memory. Based upon the 
• 
status of these inputs and the program, the system outputs are 
provided. The above sequence of events is collectively 
referred to as a "scan". As one would expect, the time it 
takes to perform these basic functions is referred to as the 
"scan time". PLC's operate in what is considered to be a 
"real time" environment. The term "real time" often has many 
meanings to different people. Paul Minor of CENTEC 
Corporation defines real time as follows: ·~1 though the 
definition of "real time" is imprecise and varies greatly 
with the application, for most manufacturing operations we 
are talking about extracting information from data and taking 
action within a few seconds at the very most." 3 
This author defines "real time" with respect to a 
programmable controller system as follows: 
Real time: A period of time (dt) in which inputs are 
interpreted and outputs are revised based 
upon the execution of the program using 
the current image of the inputs. 
Typically, less than 100 ms. 
Most Programmable Logic Controller applications operate 
in my definition of real time. In fact, many applications 
run considerably under my 100 ms upper limit. This 1 is 
typically sufficient for all control situations. However, 
some industrial applications require careful evaluation of 
the system scan time. Various programming techniques and 
their relationship to scan time are one of the efficiency 
considerations to be covered in this paper. 
4 
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At this time a question should be posed that readers of 
this paper may have: 
With the speed of digital logic gates why concern 
yourself with milliseconds when nanosecond logic is 
available? · 
The following points should both answer the proposed 
\ 
question and highlight why PLC's are playing such an 
important role in the automation of industry: 
o While it is true that hard wired digital logic is 
considerably faster than a progranunable system it is 
also true that programmable systems are much easier, 
faster and J.ess expensive to modify as design 
changes and oversights occur. 
o PLC's offer many debugging and troubleshooting aids 
that make them well accepted by both the design 
engineer and the electronic technician. 
o PLC's can be used to create an extensive plant floor 
database that is readily accessible and easily 
implemented in Computer Integrated Manufacturing. 
o PLC's can essentially interface to any device 
(Computer, thermocouple, shaft encoder, TTL circuit 
... etc.) at a low cost. 
o PLC's provide "real time" system response. 
o PLC's are prograrruned in a high level graphical 
language that is translatable to most digital logic, 
both sequential and combinational. Also, most PLC's 
support the BASIC programming language either in the 
main processor or in a _single board computer module 
that resides in the I/0 chassis. 
5 
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-III. LADDER LOGIC - A HIGH LEVEL GRAPHICAL LANGUAGE 
Programmable Controllers are programmed in a language 
known as "ladder-logic". This has its roots in the early 
• 
. days of discrete control when electromagnetic relays were 
used to create logic circuits. Although similar to these 
early "ladder logic diagrams", the language used to program 
today's PLC's offers many computer-based instructions. 
Many parts of this language are also directly derived from 
boolean algebra and high level prograrruning languages. 
"Ladder Logic" is in itself a high level graphical 
language. The following examples should illustrate the 
similarities between ladder logic, digital logic and 
English statement based high level languages. 
Figure 1 shows the combinational logic circuit 
-representing the simple boolean expression AB+CD=G and the 
equivalent circuit represented by a ladder diagram. 
Combinational Logic Circuit Representing G = AB + CD 
A ___ _:---
8 __ __, 
G 
A 8 Equlvclent Ladder Logrc Circuit G 
.....---cl,___ ------41 ~----~ 
C D 
Figure 1 
6 
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Figure 2 is an example of a J-K flip-flop circuit and 
its equivalent ladder logic diagram. 
If (A end not B) or C then aet 1, If B end not C then reat:t. 
A __ __,.. 
e-..... 
C 
1-------f J1 
-----.'\I CK 
Q,..___ 
-t----------+--~ K1 Q1 .,....__ 
If (A and not B) or C then latch 1, ff B · and not C then unlatch. 
A 8 
..... ~ ~----.(',,,..__,._ ___ ----I 
C 
8 C 
..... 
Figure 2 
The symbols -(L)- & -(U)- represent "latch" and 
"unlatch". Again, this terminology is a carry over from 
the days of electromechanical latching relays. 
The previous examples are good representations of 
combinational logic equivalents by ladder diagrams. Now we 
will look at a sequential logic ~ircuit. Figure 3 shows a 
simple AHPL (A Hardware Programming Language) program and 
its control unit realization. This example will use a one 
flip-flop per control state model with only the flip-flop 
d i h 1 b I 4 correspon ing tote current contro state eing set. 
7 
• 
Figure 3 also shows a portion of a ladder logic program 
perform the same functions as the digital sequential 
control unit. 
AHPL Descrlptlon • 
1. -. (A I\ 8, 8)/(2,J) 
2. REG D ~41- REG C 
3. (CNT) 4 INC(CNT) 
AHPL Control Unit ReoHzotron 
A---------
8-------
REG D.a REG C (CNT) 4 INC(CN"T) 
01 01 ....._.. 02 Q2 
~D3 QJ 
CK CK CK 
Clock 
Ladder Logic Reollzotfon 
A 8 REG C REG D 
~ ,......._------N_~( GET1----~~~--------' 
B CNT 001 Ct~T 
- 1.....-------111[ GET H GET t--__________ __,. 
Figure J 
This particular cornp~rison does not int~nd to imply 
,r 
that a progranunable logic controller (PLC) is well suited 
for the implementation of control units for digital systems 
comprised of discrete components. Its intent is to make an 
analogy between the 'only one flip-flop set at a time' AHPL 
Control Unit model and the sequential nature of the 
execution of a ladder logic program by a PLC. 
8 
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-It is obvious that the discrete digital system will 
operate much faster than a progranunable unit. However, 
another comparison can be made. The delay in progressing 
from one control state to another in the AHPL model (delays 
.. 
in discrete logic coupled with the clock frequency)Scan be 
made analogous to the execution time of each rung of the 
program. The subject of program execution time and other 
delays associated with a programmable controller system 
will be covered in detail later in this paper. 
Figure 4 is a last comparison depicting a few lines of 
a BASIC program and the functional equivalent in a ladder < 
logic program. 
0 
0 
Sample BASIC Program Segment 
~ESUL T = 2 • QUAN11TY + 5 
IF RESULT GT 40 THEN GOTO SU81 ELSE CONTINUE 
0 
0 
Equrvalent Ladder Loglc Program Segment 
002 QUAN11TY TEMP 
...._____. GET H GET t-----------------1 
TEMP 005 
t------,,,C GET H GET r---------------J 
040 RESULT 01 
G::TH< 
figure 4 
The above examples should show the flexible nature of 
this language and serve to acquaint the reader who has not 
worked extensively with ladder logic. 
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IV. I/0 STRUCTURE - A STRENGTH OF A PLC 
.... 
Programmable Logic Controllers support an extensive 
array of input and output devices. Essentially any type of 
.. 
signal and or device can be interfaced directly to a PLC. 
Focusing again on the Allen-Bradley product line, over 80 
different types of I/0 modules are supported. These 
modules can be mixed and matched in the same I/0 chassis to 
meet the requirements of a given system. This broad 
combination of modules is not the only strength of this 
system. It also supports many micro-processor based cards 
for specialized functions. These additional processors 
work independently of the main processor, performing their 
own tasks without creating system delays. Listed below is 
a small sampling of some of these cards: 
o A single board computer is supported in this I/0 
structure for use in the development of operator 
interfaces, process report generation, single host 
computer interface, etc. 
o Various LAN's are supported in this structure, 
enabling many PLC's to share information with one 
another or a host computer to collect information 
from a network of PLC's. Baseband, broadband and 
the last revision of MAP(Manufacturing Automation 
Protocol) are supported. These communication 
modules have found uses in systems where PLC 
processors are not even incorporated in the I/0 
chassis' because of their performance and 
reliability! 
o This system of I/0 can be multiplexed enabling 
remote I/0 chassis' of up to 10,000 ft to be 
connected from the Allen-Bradley processor. Thus a 
tremendous reduction in wiring cost is achievable in 
systems utilizing distant I/0. 
• 
-It is manifest that this system of I/0 is a well 
engineered product and a major strength of a PLC when 
compared to the I/0 systems available for general purpose 
computers. It enables the PLC processor to serve its 
• 
desired function as a high speed, front line, industrial 
controller. This developed system of I/0 is one of the 
primary reasons for the wide spread utilization of PLC's in 
the field of industrial automation. 
11 
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V. CONSIDERATIONS FOR EFFICIENT PROGRAM DEVELOPMENT 
This section will discuss some of the considerations 
for "efficient" program development. It will attempt to 
.. 
lend insight into three primary areas related to an 
"efficient" program: 
o Data Table Management; 
o Program Development Methodology; 
o System Response Time. 
A. DATA TABLE MANAGEMENT - The first area for 
consideration is Memory Management. The memory of the 
All.en-Bradley PLC 2 famil.y of processors (and most 
manufacturers' products) is basically comprised of the 
following twc user-partitioned areas: 
o Data-Table 
o Program 
T~e Data Table occupies the beginning of memory and is 
user partitioned in blocks of 128 (decimal), (200 octal) 
16 bit words. The Data Table itself is comprised of many 
smaller sections. Input & Output Image Tables, status 
bits, pointers, accumulated and preset values for certain 
instructions in the program are just a few of the storage 
requirements of the Data Table . 
. t 
12 
• 
With all of the various areas being managed it is 
apparent that an organized and planned development of the 
data table area is essential to the realization of an 
overall efficient program. A number of questions .should be 
-answered in an effort to arrive at a well planned Data 
Table: 
o How much room should be allotted for Input & 
Output Image Tables? 
o What areas of the Data Table will be utilized 
by instructions? 
o Will this processor be linked to a computer 
or another PLC? 
o Are intelligent I/0 modules being utilized? 
These are all questions that must be addressed and 
their effect on layout of the data table taken into 
consideration before the first line of logic is developed! 
Input and Output Image Tables - Physical constraints of the 
system dictate the size of the input and output image 
tables. The input and output image tables are areas of the 
data table that reflect the status of the physical I/0 
cards of the PLC. It is sound programming practice to 
reserve all of the space in the current I/0 image tables 
for program use associated with physical I/0, even if an 
area of the I/0 image table is not presently supporting I/0 
cards. By reserving this space future I/0 additions can be 
incorporated easily. 
13 
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It is worth mentioning that many manufacturers' 
products predetermine the layout of the data table. In. 
these products the size of the I/0 image table, status bit 
area, file area, etc. are unchangeable by the developer . 
.. 
. Thus the programmer must work within these constraints. 
The General Electric Series Six line of programmable logic 
controllers are set up in this fashion. However, 
Allen-Bradley's equipment, with the exception of their 
smallest line of programmable controllers, afford the 
., 
system developer control over the layout of the data table, 
thus enabling great flexibility in tailoring the system for 
specific applications. 
In addition to the input and output image tables the 
data table area also serves many other purposes. The 
following are some of the additional uses of the data table 
area of memory: 
o File management for PLC instructions: 
o File management for variable storage and secondary 
processor communications: 
) 
I 
o File management for access by a host computer. 
Again, all of these areas contribute to an efficient 
design of the data table and will be discussed in further 
detail. 
14 
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-File Management for PLC Instructions - Certain instruction 
of the PLC require data table usage. An example of this 
would be the simple timer instruction illustrated in 
figure 5. 
110.12 
Flgure 5 
t O I 
PR=045' 
AC=OOO 
On a true condition of input 110/12 - TON (time delay 
on) timer 040 (octal) begins timing or accumulating a 
value. Within the Allen Bradley system this instruction 
requires two words of data table usage. Word 040 (octal), 
of the timer instruction, contains the accumulated value in 
its lower 12 bits and instruction status bits in its upper 
four bits. \lord 140 (octal) (accumulated value address+ 
100 octal) contains the timer instructions preset value in 
its lower 12 bits. Other instructions require similar 
utilization of memory allocated for the data table. 
File Management for I/0 secondary processor communication -
Within the PLC I/0 system additional micro-process based 
"intelligent" modules are utilized to perform specialized 
functions. Communications with the "PLC" processor is 
accomplished by the I/0 system utilizing data-file 
transfers. Figure 6 illustrates this by examining a 
typical, relatively simple application. 
15 
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PLC Processor 
Data flfe of BCD 
values, generated 
by the analog 
Input m oduf e. 
In th Is case the 
value 500 :a 12mA. 
D 
500 
1/0 Choasfs 
uProcessor baaed 
AnaloQ Input 
Uodule 
• 
,4 - 20 mA Signal 
(Currently O 12mA) 
Flow Transducer 
Valve 
Flgure 6 
This figure depicts a value in a process with a flow 
transducer generating a 4-20 mA signal. The level of this 
signal is proportional to the flow through the value. This 
analog current signal is converted to a voltage at the 
analog input module. It is then filtered, sampled, 
digitized and stored in a memory buffer within the input 
module. All of this is accomplished by an independent 
processor within the module. Whenever the PLC wants to use 
this information (now in BCD format) it requests this file 
of information and an asychronous data transfer occurs. 
Once the PLC processor receives this information it stores 
it in a data table file for use by the program. 
16 
• 
• 
. 
•• I 
File Management for access by a host computer - Of 
particularly great importance are the areas of the data 
table of a PLC that are utilized by a host computer. These 
areas of data (or files) can be utilized as buffers to 
·share production related information with a host computer. 
This flow of information is becoming increasingly important 
in today's production facilities. The following excerpt 
demonstrates Volvo's utilization of Texas Instrument PLC's 
in a new automated painting facility: 
"In this architecture, all real-time control is 
handled by the network of programmable controllers, with 
the exception of those connected to the paint spray 
automates -- these PLC's depend on the cell controllers 
for the real-time "recipe data required to give each car 
type its own, unique, high-quality finish." 6 
This type of file management is not only useful for 
interfacing a PLC to a host computer but also when PLC's 
pass information to other PLC's on their local area 
network. These PLC LAN's enable many PLC processors to 
share information with each other. They are also 
commonly used by a host computer as a high speed method 
of data transfer. Most PLC manufacturers support 
baseband and broadband LAN communications as well as the 
latest version of MAP (Manufacturing Automation 
Protocol). 
The planning for the implementation of PLC's into an 
integrated manufacturing scheme is growing in importance 
daily. Facilitating this capability is essentially 
dependent on maintaining ari organized file structure 
within the data table of the PLC. 
17 
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-The author hopes the above section illustrates the 
# ' 
concerns associated with the development of the data 
table area of memory. While these are perhaps the 
simplest areas of consideration in the developmen\ of an 
.efficient program their fundamental importance is not 
diminished. 
B. PROGRAM DEVELOPMENT METHODOLOGY - This section will 
concern itself with program development techniques that 
provide a sound foundation for the generation of 
efficient programs. Many of the techniques utilized for 
the development of programs using other languages are 
applicable for the development of PLC programs. The 
following are the topics of discussion in this section: 
o Function Descriptions; 
o Flowcharting: 
o Modular Code Development; 
o Documentation. 
Function Descriptions - One of the initial steps that 
aids in the conceptualizing of logic is the use of 
function descriptions. The relationship between Boolean 
algebra and ladder logic has already been demonstrated in 
this paper. Therefore, Boolean expressions are often the 
initial process used in the formulation of PLC logic. 
Prior to developing Boolean expressions, conditional 
statements are often very useful in the development 
process. These conditional statements express logic in 
layman form, thus they are often useful in documenting 
initial concepts. 
18 
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The following is a representation of logic expressed 
in conditional statement form: 
If Emergency Stop & 
Ram Extended limit switch & 
Box Clamp Solenoid & 
Case Jammed Status 
.. 
are not true and 
Packer Safety Cover limit switch & 
Double Case limit switch or Manual Mode 
are true then set status "Case Opener Run Permissive" 
It is easy to see that the above logical statement is 
readily translatable into a Boolean expression and thus 
PLC logic. This method of representing initial logic 
concepts is especially useful when gaining information 
from individuals without a background in boolean algebra 
or programming but with a thorough knowledge of the 
process to be controlled. 
Flowcharting - Flowcharting represents an excellent way 
for the developer of a program to visualize the various 
paths taken during its execution. The following excerpt 
from Hill & Peterson emphasizes the importance of 
flowcharting. 
"It is not always easy to think through a design 
concept while representing it only in the form of a 
one-dimensional language or list of branches and 
transfers. A two-dimensional format or a flow chart 
language sometimes provides a much better vehicle for 
guiding the thought process through the development of an 
algorithm. The designer should not hesitate to use the 
flow chart as an idea is crystallized, rendered clear, 
and firmly established in the designer's mind. Before a 
design is complete, it must be expressed in total detail 
in a form that can be communicated unambiguously to those 
involved in the later stages of the process of design 
construction and utilization of the system." 7 
19 
-While it may be taken for granted by many people, 
the use of flowcharts is an important step in the~ 
development of any program and the author feels it is 
worth mentioning again. Many of the examples utilized in 
• 
this paper make use of flowcharts demonstrating the 
program logic and execution. 
20 
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Modular Code Development - The eegrnentation into smaller \ 
sections of a larger program or often used logic is 
frequently accomplished by the use of subroutines. 
Structuring the development. of a program to have the
 main 
body of logic utilize subroutines when necessary res
ults 
in a program with many "modules" as opposed to one l
arge 
body of code. A program developed in this modular 
fashion has many inherent benefits. The following a
re 
two primary benefits: 
o Reduced development time by enabling frequently 
used logic to be implemented once in a 
subroutine and called by the main program 
whenever necessary. 
o A program developed in this modular fashion is 
inherently easier to understand and therefore 
also easier to maintain and modify. 
An important benefit of using subroutines in the 
development of PLC programs are that they reduce the
 
overall execution time. Code that is not required o
n a 
given scan is not executed, effectively reducing the
 size 
and execution time of a given program. The followin
g 
example illustrates the efficient utilization of 
subroutines in a program. This program is designed 
to 
control the dropping of product (rolls of aluminum foil) 
onto a conunon conveyor. By a.voiding dropping rolls 
onto 
existing product (product currently on the conveyor) • 
significant reductions in scrap were achieved. 
.. 
21 
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.• First, let us examine a flowchait of the logic depicted 
. . 1 
by figure 7. This logic is ·common for all of the production 
\ machines on the conveying system. Thus, it is very modular 
.l 
and is utilized as often as necessary. The use 0£ modular 
·code also greatly reduces the development time. 
No 
Is 
Start of Program 
Is 
A Roll 
Ready to be 
Dropped? 
( 
Yes 
~ 
/ 
Is 
A Roll Yes 
The Machine 
Runnlng ? I 
I 
I 
I 
I 
I 
On the Conveyor )---~----... 
I 
I 
I 
I 
I 
"' ' '· 
rr= Increment the ~ 
J Machine Run Time J 
j Clock 
~--dJ 
Runtime 
Subroutine 
·, in the Drop 
"'-, Area ? / 
~ / 
/ 
/ 
No Is 
Another Roll 
,, Ready to Be / 
' "' Dropped/? / 
J Drop the Roll and 
1 Increment the I Production Counter 
By 1 
, , , I 
,, 
I ' Yes 
I 
~---+------J -
Drop Logic 
Subroutin~ 
Continue With 
ldentlcal Logic 
For the Next 
Machine 
·· Flgure 7 
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Figure 8 shows the PLC program for one of these 
machines. Each logical statement is referred to as 
a "rung 
of logic". Once again, this terminology refers to t
he 
documentation of electro-mechanical relay logic circ
uits 
• 
with "ladder diagrams" in the past. In both cases e
ach 
logical statement is referred to as a 
11 rung" of the 
"ladder". Examining the length of the main body of 
the 
program and each subroutine yields the following
 table: 
• 
Area Program Length in run
gs 
Main Program 11 
Drop Logic Subroutine 10 
Runtime Subroutine 11 
Total# of rungs 32 
In reality the execution time of each instructio
n is 
unique and actual execution time can be determin
ed 
precisely utilizing the manufacturers tables. H
owever, for 
the sake of simplicity we can make the assumptio
n that each 
"rung" on logical statements requires the same 
amount of 
time to execute. 
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Figure 8 
THESIS: .SUBROUTINE USAGE DEMONSTRATION PROGRA.M 
<<< THIS SECTION OF THE MAIN PROGRAM CONTAINS THE >>> 
<<< LOGIC FOR SPOOLER tl4 >>> 
COMME~T 
RUNG 070.03 
l +---------------------------------------------------------------( )----+ 
RU~G 
2 
RlJ~G 
3 
RUNG 
4 
-14 ROLL@ $1~ RC~L@ 
DROP AREA DROP AREh 
PHOTO EYE LATCH 
110.16 15~-~3 
+---] [---------------------------------------------------------(L)----+ 
3 '* 3 
-5 -7 
9 
*14 ROLL@ tl4 C~"TR. t14 ROLL@ 
DRJP AREA INCRE~:Et,T DROP AEEh 
L~.TCH LATCH LJ..TCH 
15e.03 1s0.13 15e.e3 
+---] [-------] [-----------------------------------------------(V)----+ (2) (6) *2 3 
tl4 PROD 
HUNDREDS 
Cl\'TR. ACT 
403.17 
-5 -7 
9 
il4 100'S 
CKTR. ACT 
LATCH 
150.12 
+---] [----~----------------------------------------------------(L)----+ (17) 5 
6 
*5 
fl4 100'S tl4 ROLL@ f14 100'S 
CNTR. ACT DROP AREA CNTR. ACT 
LATCH LATCH LATCH 
RUNG 150.12 150.03 150.12 
5 +---] [-------J/[-----------------------------------------------(U)----+ (4) (2) '*4 5 
6 
tl4 100'S fl4 PROD t14 CNTR. 
CNTR. ACT HUNDREDS INCREMENT 
LATCH CNTR. ACT LATCH 
RUNG 150.12 403.17 150.13 6 +---J [-------J/[-----------------------------------------------(L)----+ (4) (17) 3 7 
'*7 
• I 
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THESIS: SUBROUTINE USAGE DEMONSTRATION PROGRAM 
tl4 C~TR. 114 ROLL@ 
INCRE~ENT DROP AREA 
LATCH LATCH 
RUNG 150.13 150.03 
t 14 Cl\"T R .• 
INCREMENT 
LATCH 
150.13 
• 
7 +---J [-------J/[-----------------------------------------------(U)----+ 
RUNG 
8 
·(6) (2) 3 •e 
Jl4 ROLL 
or~ BELT 
PHOTO EYE 
110.17 
7 
tl4 ROLL 
ON BELT 
TIMER 
203 
+---]/[------------------------------------------------------(TON 0.1)-+ 
114 ROLL@ 
DROP AREA 
L'4.TCH 
PR=C2C 
AC= C 2 0 
14 
RUNG 150.03 9 +---] [-------------------------------------------------------(JSR 00)-+ ( 2 ) 
,14 ROLL@ 
DROP AREA 
PHOTO EYE 
110.16 
13 
tl4 RUN 
STATUS 
TIMER 
215 RUNG 
10 +---]/[------~-----------------------------------------------(TON 1.0}-+ 
fl4 RUN 
STATUS 
TIMER .EXP 
RUNG 215.15 
PR=030 
AC=030 
-11 -23 
11 +---]/[-------------------------------------------------------(JSR 01)-+ (10) 
22 
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RUNG 
12 
THES1 S: SliBROUTlNE USAGE DEMONS1'RATION PROG~ 
)))) SUBROUTINE AREA (((( 
<<< SUBROUTINE t00 
( ( ( TEI s S'...,BROUTl t-;E co~~TA! NS THE LOGIC TO DROP THE 
<<<ROLLAND ALSO COUNT THE PRODUCTIO~. 
) >) 
) > ) 
) ) ) 
COM~~Et-;T 
RU~G 070.12 
13 +--LBL 00-------------------------------------------------------( )----+ 
RCNG 
14 
RUNG 
15 
( 9) 
~14 ROLL 
or; EEL T 
TI~ER EXP 
tl4 
SOLE~OlD 
'TI t-~ ER EXP 
•14 
SOLEt~OlD 
Tl~ER 
227 
+---] [---+---)/[--------------------------------------------{TO~ 0.1)-+ 20 3. 15 227.15 
PR=010 .. 
AC=D00 ( 8) 
*14 NEXT 
POLL@DROP 
TIMER EXP 
2 41 . 15 
+---] [---+ 
( 15) 
~14 
SOLE~OID 
TIMER ACT 
227.17 
+---] [---+ 
(14) 
*14 
SOLENOID 
( 14) 
14 -14 
-15 16 
-16 
tl4 NEXT 
ROLL@DROP 
TIMER 
241 
•---)/[------------------------------------------------------(TON 0.1)-+ .. 
TIMER ACT 
227.17 
PR=13C 
AC=000 ( 14) 
14 
26 
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C) 
THESlSz SUBROUTINE USAGE DEMONSTRJ\TlON PROGRAM 
#14 #14 #14 CROP 
SOL,tNOI D SOLENOID S01,E~C,l D 
TIMER ACT TIMER EXP VALVE 
RUNG 227.17 227.15 010.17 
16 +---] [-------]/[-----------------------------------------------( )----+ 
RUNG 
17 
RUNG 
1e 
RUtJG 
19 
RUNG 
20 
( l 4 } 
#14 DROP 
SOLENOID 
VALVE 
010.17 
(14) 
... 
17 
#14 PROD 
HUNDREDS 
403 
+---] [--------------------------------------------------------(CTU)---+ 
PR=999 
AC=000 I (1£) 
~14 PROD 
HUNDREDS 
CKTR. 0\7R 
403 .14 
4 -6 
18 19 
*19 
il4 PROD 
THOUSMDS 
CKTR. 
415 
+---] [--------------------------------------------------------(CTU)---+ 
PR=999 
AC=000 
( 1 7 ) 
#14 PROD 
HUNDREDS 
CNTR. OVR 
403.14 
20 *20 
#14 PROD 
HUNDREDS 
CN'I'R. 
403 
+---] [--------------------------------------------------------(CTR)---+ 
PR=999 
1-~C=000 ( 1 7) 
#14 PROD 
THOUSANDS 
CNTR. OVR 
415.14 
4 -6 
*17 18 
19 
#14 PROD 
THOUSANDS 
CNTR. 
415 
+---] [-----------------------------~--------------~-----------(CTR)---+ 
( 18) 
27 
PR=999 
AC=000 
*18 20 
• 
.. 
THESIS: SUBROUTl~E USAGE DEMONSTRATION PROGRA~ 
RUNG 
, 21 +------~------------------------------------------------------(RETU~)-+ I · I 
.. 
( 
28 
. ' 
.. 
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THESlS: SUBROUTINtt USAGE DEMONSTRATION PROGRAM 
r 
<<< SUBROUTINE 101 >>> 
<<< THIS SUBPOV7INE CON!AINS THE LOGIC FOR THE RUN >>> 
<<< TIME CLOCK. >>> 
COMMtt:T 
• RUNG 070.13 
22 +--LBL e1-------------------------------------------------------( )----+ 
RUNG 
23 
RUNG 
24 
RUNG 
25 
( 11 ) 
fl4 RUN 
STP.TUS 
TIMER EXP 
215.15 
t14 RVN 
SECO~DS 
Tl~ER 
253 
+---J/[------------------------------------------------------(RTO 1.0)-+ 
Jl4 RUN 
SECONDS 
TIMER EXP 
253.15 
PR=060 
AC=029 
24 25 
•25 
il4 RUN 
MINUTES 
CN7R. 
427 
+---] [--------------------------------------------------------(CTU)---+ {23) 
;14 RUN 
SECONDS 
TIMER EXP 
253.15 
PR=060 
AC=000 
26 27 
*27 
#14 RUN 
SECO!\DS 
TIMER 
253 
+---] [--------------------------------------------------------(RTR)---+ 
(23) 
29 
• 
PR=060 
AC=029 
*23 24 
25 
• ; ·'-;.•' . , '> ,, 
'· 
• 
.. 
tl4 RUN 
~l~UTES 
CNTR. EXP 
TH£Sl5: SUBRCVTINE VSAGt OEMONSTRATlON PROGRAM 
' 
tl4 
Rt,~ HOURS 
CNTR. 
441 RUNG 
26 ~---] [--------------------------------------------------------(CTU)---+ 427.15 
RUNG 
27 
RUNG 
28 
RUt~G 
29 
RUNG 
30 
(24) 
*14 RUN 
t,.~ l NUT ES 
Ct-;TR. EXP 
f14 F<Ut-: 
~l~UT:ES 
C~TR. 
427 427.15 
+---] [--------------------------------------------------------(CTR)---+ 
( 24) 
~14 
PUt~ HOllRS 
CNTR. EXP 
*24 26 
27 
tl4 
RL,N D~AYS 
CNTR. 
453 441.15 
+---] [--------------------------------------------------------(CTU)---+ PR=365 
AC=000 (26) 
,14 
RUN HOURS 
CNTR. EXP 
30 31 
'*31 
tl4 
RUN HOURS 
CNTR. 
441 441.15 
+---] [--------------------------------------------------------(CTR)---+ PR=024 
AC=000 (26) 
tl4 
RUN DAYS 
CNTR. EXP 
'*26 28 
29 
tl4 
RUN YEARS 
CNTR. 
465 453.15 
+---J [--------------------------------------------------------(CTU)---+ PR=999 
AC=000. (28) 
30 
jl..... ;,. 1 .',,'-' _I 
.. 
... 
t14 
Rl1N DAYS 
CNTR. EXP 
453 .. 15 
THESIS: SUBROUTINE USAGE DEMO~STRATION PROGRAM 
.. 
tl4 
RUt, DAi'S 
CNTR. . 
453 RUNG 
31 +---J [--------------------------------------------------------(CTR)---+ (28) 
RVNG 
PP.=365 
AC=O~C 
'*28 3C 
31 
32 +-------------------------------------------------------------(RtTURl~)-+ 
I 
·-,,, ,, 
. ; \ j 
........._ ......._ __ ..,,..r '-----------·--/ 
31 
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Figure 9 highlights the approximate percent reduction 
in the number of rungs of logic executed in all of the 
scenarios by utilizing subroutines as opposed to one 
lengthy program. 
.. 
Rungs of Logic Executed Reductions 
Posslble Program Program # of 
Scenarios With Without Rungs Execution 
Subroutines Subroutines Executed Time 
The machine ls ,, 32 21 66 ~ not runnlng. 
The machine is 
running. However, 
22 32 10 31 % a roll of product 
is not present. 
The machine is 
running end c 32 32 0 0 ,: 
roll of product 
is present. 
-
Figure 9 
While a functional program can be developed without 
subroutines the above example clearly shows the gains in 
efficiency obtained by utilizing subroutines. 
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Documentation - With the length and complexity of many 
ol· the programs developed for Programmable Logic 
Control.lers the necessity to have a well documented 
program is manifest. This aids not only the design 
... 
engineer but also the maintenance personnel responsible 
for the system. Some manufacturers provide a limited 
text editor to add descriptions to the logic within the 
programmable controller. However, more elaborate 
documentation is available by utilizing specialized 
software running on a micro or mini computer. This 
software accepts a binary file of the logic from the PLC 
and combines it with a user entered description file to 
generate a commented listing with a complete cross 
reference of all addresses utilized in the program. 
One progranuning consideration for the engineer 
developing the program to aid in the documentation 
process is· the inclusion of comment rungs in the 
program. These rungs provide a means to add detailed 
comments when a program listing is generated on a 
computer. The examples used in this paper have utilized 
comment rungs and have been generated with the use of one 
of the many PLC software documentation packages 
available, running on an IBM PC AT. 
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C. SYSTEM RESPONSE TIME - The third major area of 
consideration is that of response time . 
. -... ~- . 
"Response time refers to the period of time from which an 
input is first sensed as being on and is used by logic in 
the CPU, to when an output can change state based-On the 
·results of the CPU logic. The response time of a system 
is affected by the characteristics of five operations of 
a programmable controller system. These are: 
o 1. Input filter delay; 
o 2. I/0 bus scan time; 
o 3. CPU logic solution time: 
o 4. CPU I/0 update time; 
0 5. Output response." 8 
The following example utilizes the system depicted by 
figures 10 and 11 to highlight the five areas that have an 
affect on ~ystem response time. For the sake of this 
discussion we will assume a program length of approximately 
2K words with a data table of 256 words (2-128 word 
blocks): 
Example 1 
Figure 10 illustrates all of the previously mentioned 
system delays. Depicted is a programmable controller with 
two I/0 racks: 
o One local chassis, 10 feet from the processor. 
Processor to I/0 communications are handled via a 
parallel connection. 
o Three remote chassis', the farthest 3000 feet from 
the processor. Processor to I/0 communications are 
handled via an asynchronous serial link. 
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PLC Processor 
Remote 1/0 
Processor 
D 
Local 
1/0 Chassis 
___. Velocity = 7ft/s 
Box 
Reflective 
Ram 
(Output) 
Tape 
Photo Elec. Eye 
(Input) 
System Delays: 
t::. T1 - Input Module filter 
Delay. 
.6T2 
& - 1/0 Bus Scan Time: 
.6T2' 
t::. T3 - Program Execution; 
t::.T4 - 1/0 Image Table 
Update Time; 
!::. TS - Output Module 
Response Time. 
Figure 10 
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Remote 
1/0 Chassis 
Remote 
1/0 Chassis 
Remote 
1/0 Chassis 
I 
I I 
I 
I , 
I 
___. Velocity = 7ft/s 
Box 
Reflective 
Tape . 
Ram 
(Output) 
Photo Elec. Eye 
(Input) 
r 
/ 
• 
-
.. 
Photo Elec. Sensor 
Box 
l 
Reflective 
Tape .-
__. 
Ve.locity == 7 Ft/s 
Solenoid Operated 
Rom 
+ 
Secondary Conveyor ~ 
Figure 11 
A photo eye monitors a conveyor line for boxes with a 
3" wide piece of reflective tape. When the eye senses the 
reflective tape an air solenoid that operates a ram is 
energized after a time delay permitting the box to be 
centered with respect to the ram. Figure. 12 depicts a flow 
chart illustrating the above control scheme. 
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C 
0 
() 
(/) 
- __ __.. _ ___,,_ 
Update Input 
Image Tobie 
Start Of 
Program'\ 
Is A 
Bo~ WJth 
Reflective Tape 
Present? 
Continue With 
Program 
End of Program 
Update Output 
Image Table 
-'-------
\ 
Activate the Ram 
Flrlng Deloy Tlmer 
Is 
Rom Flrlng 
Deloy Timer 
Expired ? 
Figure 12 
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Set Bit In the 
Output Image Table 
to Fire the Rem 
Reset the 
Ram Flrlng 
Delay Timer 
• 
-:1 
\ 
The critical physical time constraints of
 this 
conveying example is 40 ms. This time wa
s simply deriv~d 
from the box velocity and the width of the
 reflective tape, 
and it represents the time that the photo
electri~ eye is 
blocked by a box with reflective tape. F
or the sake of 
simplicity and to focus attention on the 
delays in the 
programmable controller system, this exam
ple will assume 
that the photoelectric eye and the air so
lenoid both 
respond instantaneously. Let us evaluate
 the delays 
as~ociated with the response time of each
 box conveyor. 
First considering the local rack controlle
d conveyor: 
When the reflective tape of the box is sen
sed by the 
photo eye a discrete signal is sent to the 
input module. 
After an input filtering delay (dtl) this signal is
 sent to 
be processed by the I/0 Bus system. dtl 
can range from one 
to tens of milliseconds, based on the cha
racteristics of 
the particular input module in use. 
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-We will assume that we are using a high speed DC input 
module and thus dtl will be a maximum of 1 ms. 9 In a local 
rack the I/0 Bus Communicates with the CPU via a high speed 
parallel link, Thus dt2 is also approximately 1 ~s. lO With 
an Allen-Bradley PLC-2/30 processor the average CPU I/0 
11 
update time is roughly .5 ms/128 words. Thus, in our 
example the processor would have a Data Table update time of 
12 
1 ms. The average program execution time for this family 
of processors is approximately 5 ms/lK of program.13 So in 
this case our program execution time would be 10 ms. 
Therefore, the scan time (dt3 + dt4) would be roughly 11 ms. 
Eq. 1: T(S) = Scan time= dt3 + dt4 
Eq. 2: Response time= dtl + 2(dt2) + T(S) + dt5 
Notice that in equation 2 the term (dt2) is multiplied by 
a factor of 2. This factor accounts for the delay of the 
I/0 bus scan that is encountered twice during one system 
response. The first delay is for reading the input 
(photoelectric eye). The second delay is the time required, 
by the I/0 bus controller, to turn on the appropriate output 
(solenoid) after the bit in the Output Image table is set by 
the program. 
As~uming an Output Response time (dtS) = 1 ms, I since no 
output filtering is necessary, the system response time for 
the local conveyor would be approximately 15 ms. Thus this 
response time of 15 ms is well short of the actual time the 
eye is blocked and no timing problems should arise sensing 
the presence of a box with reflective tape on the system 
controlled by the local I/0 c~assis. 
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Now we will examine the conveyor being controlled by 
the remote I/0 chassis. Assuming identical characteristics 
for the input and output cards and identical scan times 
(Eq. 3.1) the only variable that will differ is the I/0 Bus 
-
Response time or the difference between dt2 & dt2'. The 
remote I/0 communications is, once again, via a serial 
asynchronous link. In the Allen-Bradley PLC 2 systems this 
remote I/0 module introduces a delay (dt2') of 
approximately 7.5 ms. per remote I/0 chassis. Thus the 
response time for the remote system of our example now 
becomes: 
Response time - dtl + 3(dt2') +· T(S) + dt5 - 35.5 ms. 
The response time for the remote I/0 chassis and its 
associated I/0 is almost equal to the time the photo 
electric eye is blocked by the tape on a box. Therefore, 
the remote system would not function with the desired 
degree of reliability. The response time of the remote 
system would have been even greater if Intelligent 
(microprocessor based) I/0 had been involved instead of 
the discrete I/0 of our example. 
As previously mentioned, intelligent I/0 modules 
communicates with the processor via a "block transfer" 
instruction - the execution time of this file transferring 
instruction increases the system I/0 bus scan time for a 
remote system (dt2') substa.ntially over that of the I/0 bus 
,· ··~· 
scan time (dt2) for a local system. 
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T~e above example should illustrate the inherent system 
delays of a PLC and also the considerations regarding the 
physical placement of time critical I/0 or certain 
microprocessor based I/0. It is clear that the ppysical 
. location of these time critical input-output transfers are 
a very important consideration in the development of an 
efficient programmable logic controller program. 
' 
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Inunediate I/0 Update - When time crucial I/0 comes into 
play the -(IOT)- (immediate I/0 update) instruction of the 
~llen-Bradley PLC-2 family may be utilized. Figure 13 
illustrates the effect that this instruction has qpon the 
·Program Execution and the I/0 Image Table Update. 
This instruction can be used to update one word of either 
the Input Image Table or Output Image Table. Figure 13a 
illustrates a normal scan sequence while Figure 13b shows a 
scan sequence utilizing the immediate I/0 instruction. 
This programing technique enables updating time critical 
I/0 as often as necessary and would have been very 
applicable to the remote I/0 chassis of Example 1 of this 
paper. 
The scan time of Figure 13a can be computed utilizing 
. -
Eq. 3.1 or (dt3 + dt4): Scan Time= Prog. Exec. Time+ I/0 
Update Time. 
Figure 13b's scan time is also determined by Eq. 3.1. 
However, the program execution time would be increased only 
a small amount by the execution time of the immediate I/0 
instruction. Nonetheless, the utilization of the IOT 
instruction improves the ability to maintain an adequate 
system response. 
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' 
Normal Scan 
Sequence 
Update Input 
Image Table 
Start of Program 
0 
0 
0 
0 
0 
End of Program 
Update Output 
Image Table 
Figure 13a 
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Scan Sequence 
Using Immediate,. 
1/0 lnstrucflons 
Update Input 
Image Table 
Start of Program 
Immediate Update 
of One Word of 
the Input lmag~ 
Table 
0 
0 
Immediate Update 
of One Word of 
the Output Image 
Table 
0 
Update Output 
Image Table 
Flgure 1~b 
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.. 
It is hoped that the reader now has some understanding 
of the many factors that account for delays in the overall 
system response. More importantly, factors that affect the 
response time for a unique system have been discussed and 
methods to accommodate them have been presented. ... 
Progranuning techniques, I/0 placement and selection, plus 
the use of additional processors are all "tools" which the 
engineer has at his disposal to achieve the desired system 
functionality. 
/ 
/ 
• 
• 
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VI. THE ROLE OF THE PERSONAL COMPUTER IN PROGRAMMABLE 
CONTROLS 
The evolution of personal computers has been at a 
staggering pace with the distinction between micro and mini 
computers becoming more blurred daily. Of these personal 
computers the clear-cut industry standard to date would 
have to be the open architecture released by IBM. These 
personal computers originally designed for the office 
environment are now being released in an industrial 
hardened form and are finding their way increasingly onto 
the factory floor. The IBM 7552 is one such product, 
essentially an industrial upgraded AT. 
Personal computers are being used in a variety of 
applications related to programmable controls: 
o Most PLC program development is being performed on 
personal computers in conjunction with program 
documentation. 
o Many software products are now available to enable a 
personal computer to interface with a network of 
PLC's. A personal computer linked to many PLC's is 
capable of collecting information from the network 
as well as passing data to an individual PLC. 
o Personal Computers also serve as a sort of 
interpreter, enabling PLC's of various manufacturers 
to share information with each other. 
These are just a few of the primary roles that personal 
computers are playing on today's factory floor, with 
additional applications being developed daily. 
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The advent of personal computers has not diminished the 
role of the PLC. Programmable Logic Controllers were 
initially designed to be high speed, industrial computers 
with the sole purpose in life of controlling a giyen 
. process in real time. The continuing evolution of these 
devices has enhanced this role, yet they are not well 
suited for the ancillary tasks, such as report generation, 
graphical process views, and com;,rehensive program editing. 
As previously mentioned, these tasks are especially well 
suited for personal computers. Thus, the combination of 
personal computers processing information gathered from 
PLC's that are performing the control is proving to be an 
excellent marriage. The following excerpts from a paper 
written by Mr. James Pinto highlights this combination. 
(Mr. Pinto is President of Action Instruments, Inc., a 
major manufacturer of IBM compatible industrial micro 
, 
computers.) 
"Programmable Controllers, when used in applications 
for which they were designed, simply cannot be 
replaced with other devices or general-purpose 
computers, at least in the near-term. Allowing for 
an installed base of 500,000 PLC's and an annual 
market of approximately $0.75b per year in the U.S. 
alone, ••. " 14 
II CONCLUSIOl~ 
In industrial applications, the Progranunable Logic 
Controller will continue to be the remote front-end, 
performing real-time control on a stand-alone basis. 
The PC and PLC form an excellent partnership in process 
control and the factory environments. The PersonalY 
Computer bridges the gap between PLC's and the rest of 
the world. " 15 
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This author is in agreement with Mr. Pinto. PLC's will 
be the predominant device used by engineers for control 
applications. Perhaps someday when parallel processing 
technology provides a generation of general purpope 
computers with ultra-performance these device may be 
preferred for industrial control. When and if this 
transpires these processors will be using an I/0 system 
resembling that of present PLC's. Ladder logic will still 
be the primary form of language used for development of 
control system application programs. The following segment 
of Mr. George Blickley's paper, "New Developments in 
Progranunable Controllers and Peripherals", 
reinforces my opinion. 
"Ladder diagram programming will be around for a long 
time, in spite of the loud claims of the computer 
programmers about how much better high level languages 
are. The users - the control engineers as well as 
the maintenance people - demand the user-friendliness 
of ladder which works well for most applications. " 16 
Thus in the near future personal computers will be used 
with PLC's in factory automation. However, the role of 
shop floor controller will still be performed primarily by 
a PLC. 
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VI. CONCLUSION 
Programmable Logic Controllers are an important device 
in the revitalization of American industry. They are 
ess·entially computers, but they have many unique design 
.features that enable them to perform their primary task, 
real time control. In an effort to clarify the distinction 
between PLC's and general purpose computers the role of th~ 
personal computer, a driving force in business and 
education, was examined in relationship to factory 
automation and specifically PLC's. 
Ladder Logic, the language in which these devices are 
programmed, was also examined. A historical background of 
Ladder Logic was presented along with similarities to other 
program development environments and its future role in 
factory automation. The author believes the future role of 
Ladder Logic programming will be significant. Therefore, 
factors related to the development of "efficient" ladder 
programs were covered in some detail. 
The unique feature about PLC's is the fact that they 
are dedicated to the control of a "real time" process. A 
progranuner developing a database application for an office 
is more concerned with the utilization and accuracy of his 
records. The database developer is not as conc~rned with 
the time that the system takes to update the users CRT 
screens or the time required for retrieving a record from a 
--file. If these events are performed in a few seconds both 
the database developer and the users are satisfied. An 
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engineer developing a PLC program must satisfy the 
"real-time" window as determined by the process he is 
attempting to control. In the majority of applications the 
time window is less than one second and in a few 
-
.applications it is considerably less than a tenth of a 
second. This difference introduces a set of criteria that 
affect the development of the PLC program in order to 
satisfy a level of system response within this "real-time" 
window. 
The electrical engineer, involved on a daily basis with 
the programming of PLC 1 s, can develop truly efficient PLC 
programs by understanding the considerations presented in 
this paper. The gains in efficiency will not be at the 
expense of the system response time of the process under 
control. 
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